Supporting Material
In this section we explore the effects of two different binary alphabets on the RNA genotype-phenotype map. As shown in the main text, the HP25 protein and GC25 RNA models show extensive differences in the number of phenotypes and the fraction of foldable sequences (Table 1) . Here, we report and compare analogous statistics for RNA sequences with L=25 nucleotides drawn from either the GC or the AU alphabet. Table S2 shows that the AU alphabet produces fewer uniquely foldable sequences, and that its repertoire of structures is smaller than for the GC alphabet. Additionally, the fraction of foldable sequences is half that observed for the GC alphabet (Table S2 ).
The distribution of the number of AU sequences per structure
The distribution of the number of sequences that fold into any one structure is very similar for both the AU25 and the GC25 data sets ( Figure S5 ). The number of sequences per structure shows a non-uniform distribution, with a marked predominance of structures adopted by few sequences ( Figure S5 ). Table S3 shows pertinent summary statistics from exhaustive enumeration. The GC25 data set contains 20 times more networks, but they are on average 10 times smaller than in the AU25 data set.
The RNA alphabet affects the total number of RNA structures, which may be explained by differences in the energetic contribution of base pair interactions. Specifically, the approximate 3.6-fold increase in the free energy of AU interactions compared to GC interactions (1) translates into a 50-fold decrease in the number of conformations we estimate for the AU25 data set (Table S3 ). Figure S6 shows the distributions of the average sequence distance between sequences of the same genotype set. The AU25 and GC25 datasets show similar mean sequence distances (8.7±3.1; 7.4±3.3, respectively). Mean sequence distances do either not exceed 12 nucleotide changes (AU25) or they rarely do (for 0.4 percent of structures in the GC25 genotype sets) ( Figure S6 ). The distributions of maximum distances between sequences of the AU25 and GC25 models are shown in Figure S7 . 65 percent and 44 percent of genotype sets show maximum distances larger than 20-point mutations for the AU25 and GC25 models, respectively. Moreover, as for the GC25 data set, many genotype sets of the AU25 model span genotype space completely. Indeed, 44 percent of AU25 genotype sets (and 32 percent of GC25 genotype sets) show the maximum distances of 25. As discussed in the main text, any one genotype set may be composed of more than one connected component or genotype network. The distribution of the number of genotype networks per genotype set differs between the AU25 and GC25 models (Table S3 ). Figure S7 shows the distributions of maximal and mean distances between pairs of sequences that belong to the same genotype network.
Shape space covering
As shown in the main text, balls of a given radius centered on a sequence contain a greater percentage of structures for RNA than for protein. This extent of shape space covering is even greater for AU sequences then for GC sequences, as Figure S8A shows. For example, a ball with a radius of 4-point mutations around an AU sequence covers on average 25 percent of all RNA structures, while such a ball covers only 5 percent of RNA structures for GC25 sequences. A ball with a radius of 7-point mutations, roughly the average distance observed between randomly generated sequences, would contain 69 percent of all structures for AU sequences, but only 36 percent for GC sequences. (These values are based on sequences that belong to the smallest genotype networks of size 1). Figure S8B shows analogous statistics, but for genotype networks that are in the top 0.1 percentile of genotype network size. Figure S9 shows the fraction of unique phenotypes f D in 1-mutant neighborhoods around pairs of sequences at genotype distance D (see main text for details). The figure shows that f D is lower for AU sequences than for GC sequences for all but the largest sequence distances we considered. For example, while the GC25 model attains over 95 percent of unique new phenotypes (f D =0.95) for neighborhoods of genotypes that are only D=5 point mutations apart, the AU25 model reaches no more than 60 percent of unique new phenotypes at any genotype distance D ( Figure  S9 ). This implies that neighborhood phenotypic diversity is highly sensitive to the nucleotide alphabet in our model sequences. Table S1 . Statistics on genotype sets. Table S2 . General statistics of RNA and protein sequence-structure maps. Table S3 . General statistics of RNA and protein genotype sets. Table S4 . Reduced amino acid alphabets used in Figure S4 . Figure S1 . Histograms of the number of sequences per genotype set of the HP25, GC25, and AU25 data sets. For each data set, exhaustive enumeration is performed and the number of sequences folding into each conformation is counted. Figure S2 . Distribution of the mean and maximum sequence distances per genotype network. Plots at the left show distributions of mean distances among sequences in the same genotype network for (A) HP25 proteins and (C) GC25 RNA. Plots at the right show distributions of the maximum sequence distance between sequence pairs in the same genotype network, for (B) HP25 proteins and (D) GC25 RNA. Figure S3 . Shape space covering of short RNA and protein sequences with a binary alphabet. A. Shape space covering of 10 3 randomly sampled genotype "networks" of size 1. To estimate the shape space covering of a particular sequence we determined the percentage of all structures observed within a ball of a given radius (horizontal axis) around the sequence. B. Shape space covering of typical genotype networks. We calculated the shape space covering of an entire genotype network by determining the percentage of all phenotypes contained within a neighborhood of a given radius around every sequence in the network. Specifically, we sampled 10 3 genotypes at random, determined this percentage for the genotype network that each genotype is a part of, and show averages of this percentage over the 10 3 genotypes (vertical axis). Error bars correspond to one standard deviation. Figure S4 . Reduced amino acid alphabet size does not dramatically change the relationship between structural similarity and sequence similarity for natural proteins. We use the same protein data set as described in the caption to Figure 5A . We determined structural alignments with the software MAMMOTH (52). We only analyzed structure alignments further that were at least 50 amino acids long. We used each structure alignment to calculate sequence identity by replacing each amino acid with an amino acid taken from a reduced amino acid alphabet. We note that the algorithm implemented in MAMMOTH does not use sequence information in the structural alignment, thus rendering our procedure of obtaining reduced amino acid alphabets unproblematic. We used the following amino acid alphabets: A) the standard alphabet (A=20); B) an alphabet proposed by Ridley et al (1997) (A=5); C) an alphabet A=4, proposed by Murphy et al (2000) . Panels D to H are based on alphabets proposed by Etchebest et al (2007) . D) A=5 ; E) A=8; F) A=9; G) A=11 and H) A=13. Alphabets and references are detailed in Table S4 . Figure S5 . The distribution of sequences per structure in the AU25 and GC25 RNA models. The figure shows the distribution of the number of structures (vertical axis) that are formed by a given number of sequences (horizontal axis) for the AU25 and GC25 data set. Note the double-logarithmic scale. Data was obtained from exhaustive enumeration of RNA sequences containing only AU or GC nucleotides. Statistics on the number of sequences and structures are presented in Table S2 . Figure S8 . Shape space covering of short RNA sequences with AU and GC nucleotides. A. Average shape space covering of 10 3 randomly sampled sequences, regardless of the size of the genotype network they belong to. To estimate the shape space covering of a particular sequence, we determined the percentage of structures observed within a ball of a given radius (horizontal axis) around the sequence (see main text). B. Shape space covering of the most populated genotype networks. We calculated the shape space covering of a genotype network by determining the percentage of phenotypes contained within a neighborhood of a given radius around a random sample of 10 3 sequences of the network. Panel B shows this quantity for genotype networks in the 0.1 percentile of genotype network size, for both the AU25 and GC25 data. Error bars correspond to one standard deviation Figure S9 . Unique novel structures in the neighborhood of different genotypes on the same genotype network. The horizontal axis shows the genotype distance D between two genotypes on the same genotype network. The vertical axis shows the fraction of new phenotypes (f D ) unique to the neighborhood of one of these genotypes. Data is based on genotype networks in the top 0.1 percentile of genotype network size, for both the AU25 and GC25 RNA data sets. For each genotype network, we randomnly sampled 10 3 sequences and calculated f D for all genotype pairs at a given distance, as specified in the main text. Error bars correspond to one standard deviation.
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